Aim: Aim of this study was to estimate the incidence of motor blocks, instrumental deliveries and cesarean deliveries with ropivacaine and fentanyl in epidural analgesia for labor and to identify factors affecting the outcomes. Methods: Electronic databases were searched for original research papers by using appropriate medical subject heading terms and keywords. Effect sizes of individual studies were pooled under random effects model to obtain weighted overall effect size/s. Metaregression analyses were performed to evaluate the factors affecting motor block and cesarean delivery incidences. [11.17, 13.73], respectively. Maternal age was significantly positively associated with motor blocks as well as cesarean deliveries. Second stage of labor duration was also positively associated with motor block and instrumental delivery incidences. Cervical diameter at trial entry was significantly negatively associated with cesarean deliveries. Fentanyl concentration as well as total usage were associated negatively with instrumental delivery but positively with cesarean delivery incidence. Conclusion: Epidural analgesia for labor with ropivacaine and fentanyl is associated with the incidence of approximately 14% motor blocks, 25% instrumental deliveries and 12% cesarean deliveries. Age, duration of the second stage of labor, cervical dilatation at initiation of neuraxial analgesia and dose of fentanyl may affect obstetric outcome.
Introduction
Neuraxial analgesia is the most effective technique for pain relief and considered as the gold standard of labor analgesia. In neuraxial analgesia, analgesics are injected or infused either inside theca into the cerebrospinal fluid or in the epidural space to inhibit nociception by blocking pain signals transmitting nerves. 1, 2 Patient-controlled epidural analgesia (PCEA), computer-integrated patient-controlled epidural analgesia (CI-PCEA), intermittent epidural (programmed intermittent/automated mandatory) bolus and variable-frequency automated mandatory bolus administration are main techniques of neuraxial analgesia which are characterized by the individualized titration and optimization of analgesia. 3 Adequate and safer analgesia with least adverse effects on maternal cardiovascular or pulmonary system and fetal physiology leading to better parturient satisfaction is reported with the use of neuraxial analgesic techniques. 4 In United States of America alone, approximately 60% of women in labor receive neuraxial analgesia. 5 Epidural administration of local anesthetics in combination with opioids is commonly used as it offers dose minimizing and adverse effects reducing benefits. 6, 7 Ropivacaine is a long acting amide local anesthetic which is levorotatory propyl homologue of bupivacaine. It is a pure S(−) isomer, with a high pK a (acid dissociation constant) and low lipid solubility. Its structural and physicochemical properties make it relatively safer than bupivacaine and is found to be less toxic to nervous system and heart in comparison with bupivacaine, although it possesses relatively lower potency. 8, 9 Fentanyl is a low molecular weight and lipid soluble synthetic opioid and possess high analgesic potency. Suitability of fentanyl as analgesic drug not only arises from its analgesic properties but also as local anesthetic dose sparing effects. 10 A number of studies have examined the efficacy and safety of the use of ropivacaine in combination of fentanyl in epidural analgesia for labor using varying concentrations of drugs and methods. Whereas, the efficacy of this combination is reported with less variability with respect to attainment of desirable VAS scores and maternal satisfaction, the outcomes of these trials differ considerably with respect to the incidence of motor blocks or cesarean delivery. Purpose of this meta-analysis was to meta-analyze the outcomes of relevant randomized controlled trials (RCT) to achieve overall incidences of motors blocks, instrumental deliveries and cesarean deliveries and to explore the factors that can affect the incidences of motors blocks and cesarean deliveries in parturient women receiving epidural analgesia with ropivacaine and fentanyl for labor pain relief.
Methods
This meta-analysis is carried out by following Cochrane Collaboration guidelines and is reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Ethical approval and patient consent were not required for the present study because data were obtained from previously published research articles.
Eligibility criteria and meta-analysis outcome measures
Eligible studies for this meta-analysis were the RCT which recruited women in labor who received epidural analgesia with ropivacaine and fentanyl and reported the incidences of motor blocks and/or instrumental/cesarean deliveries. A study was excluded if used another analgesic agent in combination with ropivacaine and fentanyl; or used ropivacaine-fentanyl combination only for initiation; or used ropivacaine-fentanyl combination for cesarean delivery; or did not report the incidence of motor blocks and/or instrumental/cesarean deliveries.
Meta-analysis endpoints were (i) percent incidence of motor blocks; (ii) percent incidence of instrumental deliveries and (iii) percent incidence of cesarean deliveries. Exploratory endpoints were: (i) factors affecting the incidence of motor blocks; (ii) factors affecting the incidence of instrumental deliveries and (iii) factors affecting the incidence of cesarean deliveries.
Literature search
For the acquisition of required data, electronic databases (Embase, Google Scholar, Ovid SP and PubMed) were searched. To identify research articles reporting the outcomes of RCT which evaluated the efficacy and safety of epidural analgesia with ropivacaine and fentanyl for labor pain relief, medical subject headings and keywords were used in logical combinations. These included: neuraxial, epidural, amide local anesthetic, ropivacaine, opioid, fentanyl, labor, delivery, randomized trial, motor block, cesarean section, gestation, intermittent, continuous, patient-controlled analgesia and computer-assisted analgesia. 
Data and analyses
Data were extracted from the respective published research articles of the selected trials. Following information was collected from each study using a standardized form: study design, main inclusion/ exclusion criteria, patient demographics, obstetric characteristics, and study outcomes. Data were extracted independently by two reviewers. Inter-rater reliability was good (κ = 0.94). Statistical heterogeneity of the acquired data was evaluated as betweenstudies inconsistency quantified with the I 2 index. For the assessment of quality of the included studies, Cochran Collaboration's Tool for the Assessment of the Quality of the Randomized Controlled Trials was used. Meta-analyses were carried out by using Stata software (version 12) by pooling the percent incidences of motor blocks, instrumental deliveries and cesarean deliveries reported in the individual studies to generate inverse variance weighted overall effect sizes as well as effect sizes with regards to method used for the epidural analgesia. Randomeffects model was used for the meta-analyses keeping in view considerable heterogeneity of metaanalyzable data.
Metaregression analyses were performed to evaluate the relationship of dependent variables (percent incidence of motor blocks, percent incidence of instrumental deliveries and percent incidence of cesarean deliveries) with several independent variables including number, age, height, and weight of the parturient mothers in a study, gestational age and cervical diameter at the time of trial entry, percentage of nulliparous women in a study, durations of first or second stages of labor, concentration of ropivacaine, concentration of fentanyl, total usage of ropivacaine and total usage of fentanyl. Restricted maximum likelihood method was used for metaregression and the analyses were performed with Stata Software. A P-value of less than 0.1 was considered to show a significant relationship.
Results
Thirty studies were selected by following the eligibility criteria (Fig. 1) . Important characteristics of the included studies are presented in Table 1 . Because many studies were multiarmed, therefore, total number of datasets obtained was 48. Overall, these studies recruited 2851 women in labor of which 92% were nulliparous. Quality of the included studies was generally moderate to good. A summary of the quality assessment is presented in Table 2 (Fig. 2) .
Overall, the incidence of instrumental deliveries was 25.55% [22.38, 28 (Fig. 3) .
Overall, the incidence of cesarean deliveries was 12.45% [11.17, 13.73] . In subgroup analyses, the effect sizes were: 12.43% [10.57, 14.28] for intermittent bolus administration, 15.26% [11.90, 18 .61] for continuous infusion and 10.16% [7.65, 12 .66] for PCEA (Fig. 4) .
In metaregression analyses, maternal age was significantly positively associated with the incidence of motor blocks (coefficient: 2. In the multivariate metaregression analyses, by using age, gestation week, cervical diameter and fentanyl concentration as covariates, only cervical diameter (negatively) at trial entry and fentanyl concentration (positively) were significantly associated with the incidence of cesarean deliveries.
Discussion
In this meta-analysis, after pooling the incidence rates of 30 studies, we have found that the incidence of motor blocks, instrumental deliveries and cesarean deliveries in women in labor receiving epidural analgesia with ropivacaine and fentanyl were approximately 14%, 26% and 12%, respectively. There was no correlation between the incidence of motor blocks and cesarean deliveries (r = 0.183; P = 0.309). However, there was a significant correlation between the incidence of motor blocks and instrumental deliveries (r = 0.646; P = 0.0001). Increasing maternal age may affect the incidence of motor blocks and cesarean deliveries. Higher gestation week and lower cervical diameter at the time of trial entry are also identified as factors to affect the incidence of cesarean delivery. However, after adjusting for maternal age, cervical diameter at entry, and gestation week, the fentanyl concentration was positively associated with the incidence of cesarean deliveries. Previously, significantly lower incidence of motor blocks is reported in parturient mothers who received epidural analgesia with ropivacaine and fentanyl (18.4%) than in women who received bupivacaine and fentanyl (32.8%) for labor epidural analgesia. 41 This may be due to the low lipophilic characteristics of ropivacaine which make it resistant to a rapid penetrance in the myelinated nerve fibers. 8 Ropivacaine is approximately 40% less potent than racemic bupivacaine 42 but lower incidence of motor blocks cannot be attributed to its relative lower potency, rather it is a drug effect. 43 There is some support to this notion from the present study as well. In the metaregression analysis, relationship between ropivacaine concentration and the incidence of motor blocks was negative, although it could not achieve statistical significance (coefficient: −73.92 [−190.42, 42 .57]; P = 0.206). Incidence of motor block may prolong the duration of second stage of labor and consequently may increase the chances of instrumental delivery. 44 A stronger positive correlation coefficient between the incidence of motor blocks and the incidence of instrumental deliveries observed in the present study favors this notion.
An important finding of the present study is that the percent fentanyl concentration and the total fentanyl usage were negatively associated with the incidence of instrumental deliveries, but both these variables were positively associated with the incidence of cesarean deliveries. There was also a significant correlation between the fentanyl concentration and second stage of labor (r = 0.432; P = 0.027). In the multivariate metaregression analyses too, after the adjustment of age, gestation week and cervical diameter, fentanyl concentration was significantly associated with the incidence of cesarean deliveries.
Earlier studies have reported that epidural analgesia increases the incidence of instrumental and cesarean deliveries [45] [46] [47] but later literature reviews could not endorse this evidence. [48] [49] [50] [51] Thus, it may be possible that not the technique itself, but the use of analgesia type may lead to differences noted in the incidence of instrumental or cesarean deliveries herein. Despite the number of included studies was adequate, the outcomes observed in the present study will need refinement in future with additional datasets because of the high statistical heterogeneity seen in these meta-analyses. Moreover, the availability of data pertaining to the timing of incidence of motor blocks, bolus injections, lockout time and maximal dose per hour may further clarify the outcomes achieved herein. It has been reported that timing of the incidence of motor blocks may also be important in subsequent obstetric outcomes such as the incidence of instrumental and cesarean deliveries. 24, 26 Ropivacaine in combination with fentanyl for labor epidural analgesia is associated with approximately 14% incidence of motor blocks, 26% incidence of instrumental deliveries and 12% incidence of cesarean deliveries. Increasing maternal age has been identified as a factor to increase chances of both motor blocks and cesarean deliveries. Higher gestation week and lower cervical diameter at the time of trial entry are also identified as factors to affect cesarean delivery incidence. Fentanyl concentration was positively associated with the incidence of cesarean deliveries.
